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(54) A seat weight measuring apparatus with failure detection

(57) A seat weight measuring apparatus that simpli-

fies the circuit configuration of the load . sensors to

reduce the circuit costs and which, when the load sen-

sors fail, immediately detects the failure of the load sen-

sors, thereby improving the reliability. In the case where

four load sensors are arranged at four locations, for

example front and rear on both sides, of the bottom of

the automotive seat, the seat weight measuring appara-

tus includes two pairs of load sensors, a detection cir-

cuit for detecting a difference between outputs from the

two antiphase-connected pairs of load sensors, and a

seat weight calculator for calculating the weight of the

automotive seat based on an output from the detection

circuit. This can simplify the circuit configuration and

eliminate problems of circuit costs and reliability.
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Description

[0001] The present invention relates to an apparatus
for measuring a seat weight including a weight of a pas-
senger sitting on an automotive seat and more specif i- 5

cally to a seat weight measuring apparatus with

advantages of being able to reduce costs or improve
reliability of a circuit portion that determines the weight
of the sitting passenger.

[0002] Automobiles are equipped with seat belts and w
airbags to secure safety for passengers. In recent years,

there is a trend for controlling the operation of such
safety devices according to the weight of a passenger
for improved performance of seat belts and airbags: For

example, the amount of gas introduced into the airbag is

or an airbag inflating speed and a pre-tension of the

seat belt are adjusted according to the weight of a pas-
senger; For that purpose, means are needed for meas-
uring the weight of a passenger sitting on a seat. An
example of such means, which has been proposed by 20

the applicant of this invention, involves arranging load

sensors (strain gauges) at four corners of the bottom of

a seat, measuring vertical loads acting on the strain

gauges as voltages by electric circuits, and summing
these voltages to determine the seat weight including 25

the weight of a passenger.

[0003] First, the basic configuration of the electric cir-

cuits used in the above a seat weight measuring appa-
ratus will be described.

[0004] Fig. 9 shows a circuit configuration for one load 30

sensor.

[0005] This sensor circuit 20 includes a power supply
21 for applying a predetermined voltage, a load sensor
22 of a full bridge configuration having four resistors R1 -

R4, an amplifier 23 for amplifying the voltage from the 35

load sensor 22, and a positive polarity wire 24 and a
negative polarity wire 25 for connecting the load sensor
22 to the amplifier 23. This load sensor 22 has four

strain gauges (not shown) attached to a sensor plate

(not shown) that deflects when applied with a load, with 40

a resistance of each resistor R1-R4 changing according
to the amount of strain of each strain gauge. The load

sensor 22 is formed as a full bridge circuit including four

resistors R1-R4 so that it can cancel the strain change
due to temperature change and the voltage change of 45

the power supply 21

.

[0006] Fig. 10 shows a circuit configuration for all load

sensors incorporated in the seat weight measuring
apparatus.

[0007] The sensor circuit 26 includes load sensors so

22a-22d located at four corners of the bottom of a seat,

amplifiers 23a-23d connected to the respective load

sensors 22a-22d, positive polarity wires 24a-24d and
negative polarity wires 25a-25d for connecting the load

*

sensors 22a-22d to the amplifiers 23a-23d. an adder 27 ss

for adding up voltages output from the amplifiers 23a : ^

23d, and a seat weight calculator 28 for determining the

weight of the seat based on the voltage from the adder •

27. Each of the load sensors 22a-22d is supplied with a
predetermined voltages

[0008] In Figs. 9 and 1 0, the strain gauges forming the

load sensor 22 are deformed by a vertical load from the

seat (not shown). The amounts of strain of the strain

gauges determine the resistances of the resistors R1-
R4 of the load sensor 22. When a predetermined volt-

age is applied from the power supply 21 to the load sen-

sor 22 as a resistor circuit, a voltage as determined by
the supply voltage and the resistances (R1-R4) is

applied to the amplifier 23, which amplifies the voltage

before outputtrng it to the adder 27. The adder 27 adds
up voltages from the four amplifiers 23a-23d and out-

puts the sum voltage to the seat weight calculator 28.

The seat weight calculator 28 calculates the weight of

the seat according to the voltage from the adder 27.

[0009] In this way, the load from the seat can be meas-
ured by the load sensors located at four corners of the

bottom of the seat.

[0010] In the seat weight measuring apparatus such
as shown in Figs. 9 and 10, however, each of the load

sensors requires one amplifier and two wires (for a pos-
itive polarity and a negative polarity). Thus, a total of

four amplifiers and eight wires are needed, giving rise to

a problem of increased circuit and wiring costs. As the

number of constitutional components increases, the
probability of parts failure also increases, deteriorating

the overall reliability of the sensor.

[001 1 ] JP-A-1 0-297334 discloses a passenger weight
detection apparatus that calculates a gravity center of a
loaded seat based on a seat weight detected from a
load acting on a front part of the seat and a seat weight

detected from a load acting on a rear part of the seat
and which corrects the seat weight according to the cal-

culated gravity center and then, based on the corrected

seat weight, estimates the weight of a passenger.

[0012] This official gazette, however, does not dis-

close a circuit configuration of the passenger weight
detection apparatus. If a circuit configuration such as
shown in Figs. 9 and 10 is used, this apparatus still has
drawbacks of increased circuit and wiring costs and,
because of a large number of constitutional parts,

increased probability of parts failure which in turn

degrades the overall reliability of the sensor. .

[001 3] The present invention has been accomplished
with a view to overcoming these problems and its objec-
tive is to provide a seat weight measuring apparatus
that can simplify the wiring between the sensors and the
amplifiers and the sensor circuit configuration to reduce
the circuit costs and improve the reliability. It is also an
object of this invention to provide a seat weight measur-
ing apparatus which, in the event of a failure of the load
sensors, can immediately detect the sensor failure

thereby improving the reliability.

[0014] To achieve the. above- objectives, the seat
weight measuring apparatus according to the present
invention, which measures a weight of an automotive
seat including a weight of a passenger sitting on the

2
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automotive seat by detecting loads^at a plurality of por-

tions of the automotive seat, includes: a plurality of load,

sensors arranged at the plurality; of portions of the auto-

motive seat, each load sensor: having at least one of a

first output terminal and a second output terminal, the 5

first and second output terminals having opposite polar-

ities to each other; a detection means for detecting a dif-

ference between a signal output from the first output

terminal of one load sensor and a signal output from the

second output terminal of another load sensor; and a 10

calculation means for calculating the weight of the auto-

motive seat based on an output from the detection

means. '

;

[001 5] According to the present invention, an output of

one load sensor is connected in opposite polarity, with 15

respect to an output of another load sensor to form a

bridge circuii as a whole. This can simplify the circuit*.
-

configuration of the seat weight measuring apparatus..

Further, because the circuit can be formed integral with,

the load sensors, the number of wires and components - 20

can be reduced, which in turn eliminates the problems

of circuit costs and reliability.

Fig. 1 is an outline perspective view showing an

example installation of load sensors of a seat 25

weight measuring apparatus according to the

present invention;

Fig. 2 is a circuit diagram showing a part of a sensor

circuit of. a seat weight measuring apparatus

according to one;embodiment of the present inven- 30

tion; .=

Fig. 3 is a circuit diagram showing an overall sensor

.

circuit ' tof a seaf weight measuring apparatus

according to one embodiment of the present inven-

tion; . : < v ••

. r-... .
"

: ;
35

Figs. 4A and 4B are circuit diagrams showing sen-

sor circuits of a seat weight measuring apparatus

according* to* another embodiment of the present

invention;

Fig. 5 is a^circuit diagram,showing a sensor circuit 40

of a seat weight measuring apparatus according to

still another lembodiment of the present invention;-

Fig. 6 is a circuit* diagram showing a sensor circuit

of a seat weight measuring apparatus according to

a further embodiment of the present invention; 45

Fig.; 7 is a eircuit diagram showing a sensor circuit

of: a seat weightmeasuring apparatus according to

a further embodiment of the present invention

;

Figs; 8A and 8B are schematic.diagrams showing

an example arrangement of load sensors of a seat so

weight . measuring apparatus according <• to the

present invention; >/ .'•

£\q. 9 is-a circuitdiagram showing a part of a sensor

circuit of a seat weight rrfieasuring apparatus:.:

according to a'related-ant; and? ^„ -.

1 55

Fig 10 is a circuit diagram .showing an overall senr.-.

sot circuit of the seat weight* measuring apparatus

according to a related art.

16 A2 4

[0016] Embodiments of the seat weight measuring

apparatus of this invention will be described in detail by

referring to the accompanying drawings.

[0017] Fig. 1 is a schematic view showing an example

arrangement of load sensors of the seat weight measur-

ing apparatus as one embodiment of this invention. As <

shown in Fig. 1, load sensors 1-4 of the seat weight

measuring apparatus are located at four corners, of the <

bottom of a seat cushion 5a of a seat 5. Alternatively,

they may be arranged at four corners below seat rails.

[0018] Fig. 2 is a circuit diagram showing a part of en

electric circuit of a load sensor 1

.

[001 9] This circuit includes a power supply 6 for apply-

ing a predetermined voltage E, a load sensor 1 of a half

bridge configuration consisting of two resistors R1, R2,

and a wire 7 connected to a joint A between the two

resistors R1 and R2 of the load sensor 1 . This load sen-

sor 1 has two strain gauges (not shown) attached to a

sensor plate (not shown) that deflects upon application

of load. The resistances of the resistors R1 and R2

change according to the amount of strain of each stain

gauge. The joint A has a potential of E/2 when a pas-

senger is not seated on the seat cushion 5a of the seat

5. With the load sensor 1 formed as a half bridge circuit

consisting of two resistors R1 and R2, changes in the

resistance value due to temperature change can be

canceled.

[0020] Electric circuits of other load sensors 2-3 are

also formed as a half bridge configuration having two

resistors.

[0021 ] Fig. 3 is a circuit diagram showing a sensor cir :

cuit combining four load sensors.

[0022] This sensor circuit comprises a power supply 6

for supplying a predetermined voltage E, load sensors

1-4 each formed as a half bridge configuration having

two resistors Rx1 and Rx2 (x = 1 , 2, 3, 4), a wire 7b con-

nected to resistors Rx1 and Rx2 of the load sensors 1

and 2 on the left side of the seat 5 (see Fig. 1), a wire 7a

connected to resistors Rx1 and Rx2 of the load sensors

3 and A on the right side of the seat 5 (see Fig. 1), a

detection circuit 8 in the form of a differential amplifier

having a non-inverted input connected to the wire 7a

and an inverted input connected to the wire 7b, and a

seat weight calculator 9 for determining the weight of

the seat on the basis of the voltage output from the

detection circuit 8. The first subscript x of the resistor R

represents the position of a load sensor (a load sensor

number) and the second subscript 1 or 2 represents a

position in the half bridge.

[0023] In the above circuit configuration, a set of the-

load sensors 1 and 2 (left side) and a set of load sen-

sors 3 and 4 (right side) are of opposite polarities (i.e.,

in Fig. 3 the right sensors 3, 4 haye a positive polarity

and the left sensors 1,2 a negative polarity). In such-a

configuration, , a ^voltage change-due tp^changes in

resistances of , the load ^sensors 2 i^and a vpltage

change due to changesin rg£iSlanP£s oi -thejoad sen-

sors 3, 4 are ultimately summed up at an output Qf. the

3
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differential amplifier as the detection circuit 8. That is,

the output voltages of opposite phases from the load

sensors 1 , 2 and the load sensors 3, 4 are subtracted
from each other by the differential amplifier thus adding .

up the loads measured by the load sensors 1 -4.. 5
Because the four load sensors 1 -4 combine to form one
full bridge circuit, the voltage change of the power sup-
ply 6 is canceled. The seat weight calculator 9 can cal-

culate the weight of the seat 5 (Fig. 1.) based on the
output, voltage of the detection circuit 8. The detection 10
circuit 8 may be a combination of a.single-input amplifier

and a subtraction circuit, rather than a differential ampli-

fier.

[0024] Forming each of the load sensors 1 -4 in a half

bridge circuit configuration consisting of two resistors as 75

described above can cancel the strain change due to

temperature change, and constructing the four load

sensors 1-4 into one full bridge circuit can cancel the
voltage change of the power supply 6. Furthermore, this

configuration enables the number of the detection cir- 20

cuits 8 to be reduced from conventional four to one and
also the number of wires leading from the load sensors
1 -4 to the detection circuit 8 to be reduced from conven-
tional eight to two, i.e., the positive polarity wire 7a and
the negative polarity wire 7b. This simplifies the circuit 25

configuration, reduces the circuit cost, and improves
reliability.

[0025] A passenger sitting on the automotive seat 5
normally moves in a longitudinal direction but rarely in

the lateral direction. Hence, it is preferable ihat the front 30

load sensor 1 or 3 and the rear load sensor 2 or 4 are .

paired. That is, as shown in Fig. 3, a combination may
preferably be made between the load sensors 1 and 2
and between the load sensors 3 and 4 (two pairs on the
left and right side) or between the load sensors 1 and 4 35

and between the toad sensors 2 and 3 (two diagonally

crossing pairs). With such combinations, one pair of

load sensors represents almost one half of the seat
weight.

[0026] Fig. 4A represents another embodiment, which 40

includes two amplifiers 8a and 8b and an adder/sub-
tracter 1 1 , in place of the detection circuit 8 used in the
circuit configuration of Fig. 3.

[0027] In Fig. 4A, two amplifiers 8a, 8b are used to

form one detection circuit, in which the wire 7a is con- 45

nected to a non-inverted input of the amplifier 8a and
the wire 7b is connected to a non-inverted input of the
amplifier 8b. Further, a power supply (or voltage divider

circuit) 10 is provided that applies one half of the voltage

E of the power supply 6 (E/2) to inverted inputs of the so

amplifiers 8a and 8b. The amplifiers 8a, 8b detect differ-

ences between the voltages from the load sensors and
the voltage from the power supply 10 and amplify the

detected differences before outputting them to the
adder/subtracter 1 1 . The adder/subtracter 1 1 calculates 55

these voltage differences and outputs the result to the
seat weight calculator 9. The s6at weight calculator 9 '

calculates the weight of the seat 5 according to the

applied voltage. Here, rt is possible to reverse the con-

nections of the nonrinverted input and the inverted input

in one of the amplifiers 8a, 8b and have the adder/sub-
tracter 1 1 calculate the sum of the output voltages of the
amplifiers 8a, 8b.

[0028] In Fig. 4A, the configuration of the power sup-
ply 6 and the load sensors 1 -4 is the same as that of the

circuit of Fig. 3. The voltage of the power supply 10 is

intended to detect the difference between it and the volt-

ages of the load sensors and may be adjusted accord-
ing to the voltages of the load sensors.

[0029] As shown in Fig. 4A, the left and right load sen-
sor pairs (a pair of load sensors 1 and 2 and a pair of

load sensors 3 and 4) are connected with the amplifiers

8a and 8b, respectively, to allow the seat weight calcula-

tor 9 to monitor the balance of the weight values from
the load sensor pairs.

[0030] For example, in the event of a failure of the toad
sensor 1 , the voltage from the wire 7b comes only from
the load sensor 2, so that a significant difference occurs
between the output voltage of the amplifier 8a and the

output voltage of the amplifier 8b. Hence, if such a state

continues not just temporarily but for a predetermined
period of time, the seat weight calculator 9 can decide
that an abnormal condition has occurred with the left

pair (a set of load sensors 1 and 2).

[0031] Fig. 4B shows another embodiment in which
the detection circuit 8 in the circuit configuration of Fig.

3 is replaced with a selection circuit 16 and an amplifier

8a.

[0032] In Fig. 4B, the selection circuit 16 is provided
between the wires 7a, 7b and the amplifier 8a and is

connected to the non-inverted input of the amplifier 8a.

Further, the power supply (or voltage divider circuit) 10,

.

which supplies one half of the voltage E of the power
supply 6 (E/2), is connected to the inverted input of the >

amplifier 8a.

[0033] The configuration of the power supply 6 and
the load sensors 1-4 is the same as-that of Fig. 3. The .

voltage of the power supply 10 is intended to detect the
difference between it and the voltages of the load sen-
sors and may be adjusted according to the voltages; of

the load sensors.

[0034] The amplifier 8a is applied with the voltage
(E/2) from the power supply 10 and also with a signal

from the wire 7a or 7b. The selection circuit 1 6 is opera- -

ble to alternately select between a signal from the wire

7a and a signal from the wire 7b in accordance with a
selection signal and send the selected signal to the
amplifier 8a where it is amplified before being output to

the seat weight calculator 9. The seat weight calculator

9, according to an applied selection signal, performs
addition and subtraction operations on the amplified sig-

nal from the wire 7a and the wire 7b alternately io calcu-

late the weight of the seat 5. In this way, the
;

weight rof

the seat can be determined in a^manner similar to the
circuits of Fig. 3 and Fig. 4A;

[0035] In the circuit shewn in Fig. 4B, because the
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selection circuit .1 6 alternately outputs a signal from the

wire 7a and the wire 7b, there is anadvantage that only

one amplifier 8a needs to be provided:

[0036] Fig. 5 is a circuit diagram showing a sensor cir-

cuit using four load sensors 1 -4 to form two full bridges. 5

[0037] This sensor circuit includes: a power supply 6

for applying a predetermined voltage E; load sensors 1-

4 each of a half bridge configuration having two resis- .

tors Rx1 and Rx2 (x = 1 , 2, 2, 4); wires 7a-7d connected

to the resistors Rx1 and Rx2 of each of the load sensors 10

1 -4; an amplifier 8a having an inverted input connected

to the wire 7a and a non-inverted input connected to the

wire 7b; an amplifier 8b having an inverted input con-

nected to the wire 7c and a non-inverted input con-

nected to the wire 7d; an adder/subtracter 1 1 for adding is

up voltages output from the amplifiers 8a and 8b; and a

seat weight calculator 9 for calculating the weight of the .

seat based on the voltage from the adder/subtracter 11.;.

Here, It is possible to reverse the connections of the

non-inverted input and the inverted input in one of the < 20

amplifiers 8a, 8b and have the adder/subtracter 1 1 cal-

culate the difference between the output voltages of the

amplifiers 8a, 8b.

[0038] As shown in Fig. 5, forming each of the load

sensors 1-4 as a half bridge circuit configuration con- 25

sisting of two resistors can cancel the strain change due

to temperature change, and constructing one full bridge

circuit by the load sensors 1, 2 and another by the load

sensor 3, 4 can cancel the voltage change of the power

supply 6. Further, by connecting the amplifiers 8a, 8b to .30

the left and right pairs (a set of load sensors 1 , 2 and a

set of load sensors 3, 4) respectively, the seat weight

calculator 9 can monitor the balance of weight values

from these pairs to detect any abnormal condition or

failure in each pair of the load sensors, thus improving 35

reliability. Further, this.circuit configuration can reduce .

the number of amplifiers from conventional four to two

and also the number of wires leading from the load sen-

sors 1 -4 to the amplifiers from conventional eight to four,

thus simplifying the circuit configuration!, reducing the 40

circuit.costs and. improving the reliability.

[0039] Fig. 6 is a circuit diagram showing a sensor cir-

cuit using four load sensors 1 -4 to form two full bridges.

[0040] This sensor,; circuit includes: a power supply 6

for applying a predetermined voltage E; load sensors 1- 45

4 each of a half -bridge .configuration having two resis-

tors: Rx1 and Rx2(x = 1, 2, 2,4); wires 7a-7d connected

to the resistors Rxl and Rx2 of each of the load sensors

1-4; amplifiers 8a-8d, having non-inverted inputs con-

nected to the wires 7a-7d respectively; a power supply so

10 (or voltage divider circuit) for applying one half of the

voltage of the power supply6 (E/2) to the inverted inputs

of tlxa amplifiers. 8a-8d; an adder/subtracter 1 1 for per-

forming-addition and subtraction operations on voltages

output from, the amplifiers; 8a-8di ;
an£l.3:£eat weight cahr/55

culator 9 for calculating the weight of the' seat based .on?'.:

the voltage from the adder/subtracter^ 1..- Here; it is pos-

.

sible to reverse the connections of the non-inverted .

16 A2 8

input and the inverted input in the amplifiers 8a and 8b

or in the amplifiers 8b and 8d and have the adder/sub-

tracter 1 1 calculate the sum of the output voltages of the

amplifiers 8a-8d.

[0041] As shown in Fig. 6, connecting one amplifier

8a-8d to each of the load sensors 1-4 allows the seat

weight calculator 9 to monitor the balance of the weight

values from the load sensors 1-4. Hence, the seat

weight calculator 9 can detect an anomaly or failure for

each of the load sensors 1-4, thus enhancing the relia-

bility. It is also possible to use the selection circuit 16 of

Fig. 4B to reduce the number of amplifiers to one.

[0042] Fig. 7 is a circuit diagram showing a sensor cir-

cuit where each of the four load sensors is of a full :

bridge configuration.

[0043] This sensor circuit includes: a power supply 6

for applying a predetermined voltage E; load sensors 1-
:

4 each of a full bridge configuration having four resistors

Rx1, Rx2, Rx3 and Rx2 (x = 1, 2, 2, 4); a wire 7a pon : .

nected to the resistors Rx1 and Rx3 of each of the. load

sensors 1% 2; a wire
;
7b connected to the resistors.Rx2

and Rx4 of each of the load sensors 1 , 2; a wire 7c con-

nected to the resistors Rx1 and Rx3 of each of the load

sensors 3, 4; a wire 7d connected to the resistors Rx2

and Rx4 of each of the load sensors 3, 4; an amplifier 8a

having a non-inverted input connected to the wire 7a

and an inverted input connected to the wire 7b; an

amplifier 8b having an inverted input connected to the

wire 7c and a non-inverted input connected to the wire

7d; an adder/subtracter 11 for performing a subtraction

operation on the voltages output from the amplifiers 8a

and 8b; and a seat weight calculator 9 for calculating the

weight of .-the seat based on the voltage from the

adder/subtracter 1 1 . Here, it is possible to reverse the

connections of the non-inverted input and the inverted

input in one of the amplifiers 8a and 8b and have the

adder/subtracter 1 1 calculate the sum of the output volt-

ages of the amplifiers 8a and 8b.

[0044] As shown in Fig. 7, forming each of the load

sensors 1-4 in a full bridge circuit configuration having

four resistors can cancel the strain change due to tem-

perature change and the voltage change of the power

supply 6. Further, connecting the amplifiers 8a, 8b to

the left and right pairs of the load sensors (a set of load

sensors 1 , 2 and a set of load sensors 3, 4) respectively

allows the seat weight calculator 9 to monitor the bal-

ance of the weight values from these pairs and thereby

detect an anomaly or failure in each pair of the load sen-

sors, which in turn enhances reliability. Further, this con-

figuration can reduce the number of amplifiers from

conventional four to two and also the number of wires

leading from the load sensors 1 -4 to the amplifiers from

conventional eight to four, thus simplifying the circuit

configuration, reducing the circuit costs and improving

the reliability. -= <

[0045] . Figsr.8A and 8B show one, example arrange-

ment in which:the load;.sensors are mounted on sieat

rails beneath the seat. Fig. 8A is a side view showing

5
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schematically the overall construction of the seat and
Fig. 8B is a plan view of a sensor unit.

[0046] In Fig. 8A, a seat unit 5 includes a seat cushion
5a on which a passenger is seated, a seat back 5b
against which the passenger rests his or her back, seat
rails 5d, and seat legs 5c projecting from the bottom of

the seat rails 5d at four locations, front and rear on both
sides. The front and rear seat legs 5c on each side of

the seat 5 are secured to one sensor unit 12 by screws
(not shown). While Fig. 8A shows only the left side, the
right side has the similar construction to the left side.

Such an illustrative relation also applies to other por-

tions to be described below. The sensor unit 12 is fixed

to tickets 13 projecting from a car body 14.

[G&'TJ In Fig. 8B, the sensor unit 12 has load sensors
(strait gauges) 1 and 2 and a printed circuit 15 that is

electrically connected to the load sensors 1 , 2 to form a
predetermined circuit.

[0048] As shown in Figs. 8A and 8B, because the load

sensors 1, 2 (load sensors 3, 4 on the far side) can be
mounted on the sensor unit 12 and a predetermined cir-

cuit wired within the sensor unit 12, the installation and
wiring of the load sensor are facilitated. Further, inte-

grally forming the load sensors and wires in one piece
by a printing technique allows two sensors to be formed
as one circuit, lowering the production cost of the sen-
sor circuit.

[0049] A plurality of embodiments of the seat weight
measuring apparatus according to the present invention

have been described. The load sensor pairing may be
made either between the load sensors 1 and 2 and
between the load sensors 3 and 4 (two parallel pairs on
the left and right sides), or between load sensors 1 and
4 and between load sensors 2 and 3 (two pairs diago-
nally crossing each other). That is, it is preferable that

one of the front sensors and one of the rear sensors are
combined to produce two pairs of the sensors. Although
the foregoing description concerns embodiments hav-
ing four load sensors, the present invention can gener-
ally be applied to a seat weight measuring apparatus
with a plurality of load sensors.

[0050] As described above, according to the present
invention, a difference is detected between a signal out-

put from a positive polarity output terminal of one load
sensor and a signal output from a negative polarity out-

put terminal of another load sensor among a plurality of

load sensors used in the seat weight measuring appara-
tus. Therefore, it is possible to simplify the circuit config-

uration, reduce circuit costs and improve reliability.

When the seat weight measuring apparatus includes
four load sensors, one of the front load sensors and one
of the rear load sensors should preferably be combined
to form two pairs of load sensors. These pairs are each
provided with an associated circuit to enable anomaly or

failure to be detected for each pair, thereby improving
reliability.

[0051] Further, according to the present invention,

because a circuit of a predetermined configuration can

10

25

30

35

40
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50

55

be wired by a printing technique within the same base or

within the same un ;

i in which the load sensors are
formed, the installation and wiring of the load sensors
can be facilitated. The printed wiring can also reduce
the production cost of the circuit.

Claims

1
.

An apparatus for measuring a weight of an automo-
tive seat including a weight of a passenger sitting

on the automotive seat by detecting loads at a plu-

rality of portions of the automotive seat, said appa-
ratus comprising:

a plurality of load sensors arranged at the plu-

rality of portions of the automotive seat, each of

said plurality of the load sensors having at least

one of a first output terminal and a second out-

put terminal, the first and second output termi-

nals having opposite polarities to each other;

a detection means for detecting a difference

between a signal output from the first output
terminal of one of said plurality of load sensors
and a signal output from the second output ter-

minal of another of said plurality of load sen-
sors; and
a calculation means for calculating the weight
of the automotive seat based or, an output from
the detection means.

2. An apparatus according to claim 1 , comprising a
first pair of load sensors and a second pair of load

sensors, wherein said detection means detects a
difference between a signal output from the first

output terminal of the first pair of the load sensors
and a signal output from the second output terminal

of the second pair of the load sensors.

3. An apparatus according to ciaim 2, comprising the
first pair of load sensors at a front of the automotive
seat and the second pair of load sensors at a rear
of the automotive seat.

4. An apparatus according to claim 1 , 2 or 3, wherein:

each of said plurality of load sensors has a first

resistor and a second resistor respectively hav-
ing resistances changing according to the
amount of strain;

the.first output terminal is connected to a first

potential through the first resistor and to a sec-
ond potential through the second resistor; and
the second output terminal is connected to the

first potential through- the second resistor and
to the second potential through the first resis-

tor.

5. An apparatus according to claim 1, 2, 3 or 4,

BNSDOCID: <EP 094531 6A2J_>
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wherein said calculation means compares signals

output from the plurality of the. losd sensors with

each other so as to diagnose an anomaly or failure

in each of the plurality of load sensors.

6. An apparatus according to claim 2, 3, 4 or 5,

wherein said calculation means compares signals

output from the first and second pairs of the load

sensors with each other so as to diagnose an

anomaly or failure in each of the first and second 10

pairs of the load sensors.

7. An apparatus according to any one of claims 2 to 6,

wherein:

15

each of the load sensors is a strain gauge

including a strain detection resistor; and

each of the first and second pairs of load sen-

sors is formed by connecting in series or in par-

allel the strain detection resistors of the strain 20

gauges located at two portions of the automo-

tive seat.

8. An apparatus according to any one of claims 1 to 7,

wherein each of the load sensors is a strain gauge 25

including a strain detection resistor; and

strain detection resistors of the strain gauges

located at a plurality of portions of the automo-

tive seat are connected in a full bridge configu- 30

ration.

9. An apparatus according to any one of claims 2 to 8,

wherein:
-• 35

> each of the load sensors is a strain gauge

including a strain detection resistor; and

each of the first and second pairs of load sen-

.sors is formed by connecting in a full bridge

cotrfiguration the strain detection resistors of 40

: *he strain gauges located at two portions of the

automotive seat.

1 0. An apparatus according to any one of claims 1 to 9,

wherein, among said plurality of load sensors, two 45

load sensors located at two portions on the same
side of the automotive seat are integrally provided

on one and the same base.

1 1 . An apparatus according to any one of claims 3 to so

10, wherein, among said four load sensors, two

load sensors located at two portions on the same
side of the automotive seat are integrally provided

on one and the same base. .
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